INTRODUCTION {#sec1-1}
============

Gastric cancer is the fourth highest incidence among all the malignant tumours, and it is the second cause of death from cancer.\[[@ref1]\] At present, the main treatment of gastric cancer is surgical resection combined with radiotherapy and chemotherapy, the most important part of which is radical gastrectomy (D2).\[[@ref2]\] In 1991, Goh *et al*. reported the first laparoscopic-assisted distal gastrectomy, and in 1997, Goh *et al*. reported laparoscopic-assisted radical gastrectomy (D2) for advanced gastric cancer.\[[@ref3]\] After \>10 years of development, laparoscopic surgery of gastric cancer is becoming increasingly diverse, surpassing the common type of traditional surgery.\[[@ref4]\] Laparoscopic radical gastrectomy for advanced gastric cancer is difficult to operate, and whether it can achieve the same curative effect with the laparotomy is still controversial.\[[@ref5][@ref6]\] This study retrospectively analysed the clinical data of 269 gastric cancer patients surgically treated by our medical team from May 2011 to December 2015 for comparative analysis of the clinical efficacy of laparoscopic-assisted radical gastrectomy and traditional open radical gastrectomy.

MATERIALS AND METHODS {#sec1-2}
=====================

Clinical data {#sec2-1}
-------------

We collected the clinical data of patients with advanced gastric cancer who underwent D2 radical gastrectomy in our medical team from May 2011 to December 2015. The operations were completed by the same surgeon.

Exclusion criteria {#sec2-2}
------------------

Advanced tumour with local infiltration or non-radical surgery because of distant metastasisMultiple organ resection or conversion from laparoscopic surgery to open approachPre-operative chemotherapy or immunotherapyRe-operation due to tumour recurrence or remnant gastric cancer.

Surgical method {#sec2-3}
---------------

Laparotomy patients were prepared in the supine position, and upper abdominal midline incision about 15 cm was used.\[[@ref7]\] Patients who underwent laparoscopic surgery were placed in the supine position with the legs apart. The surgeon stood on the patient\'s left side, with the first assistant on the patient\'s right and the camera operator between the patient\'s legs. After division of ligaments and dissection of lymph nodes (LNs), an upper abdominal midline incision about 6 cm was used for specimen removal and gastrointestinal reconstruction.

### Laparoscopic surgery group {#sec3-1}

The patient, under general anaesthesia, was prepared in the supine position with the legs apart. The peritoneal cavity was insufflated with CO~2~ at a pressure of 10--12 mmHg before five trocars of 5--12 mm in diameter were introduced. The diameters and positions of the trocars are as follows: 10 mm in the umbilicus, through which a laparoscope is introduced, 12 mm at left mid-axillary line below the costal margin, 5 mm at left mid-clavicular line at the umbilicus, 5 mm at right mid-clavicular line below the costal margin and 10 mm at right mid-clavicular line 2--3 cm above the umbilicus. All trocars are inserted at a handbreadth distance between them to avoid interference of the laparoscopic instruments. The surgical approach is determined after abdominal exploration. In laparoscopic distal gastrectomy, the greater omentum is divided in the avascular area starting from the superior border of the transverse colon near its midpoint using the ultrasonic scalpel. The division is extended toward the right until reaching the hepatic flexure and then toward the left to reach the splenic flexure. Superior mesenteric vein (SMV), right colic vein, right gastroepiploic vein (RGEV) and the Henle\'s trunk are exposed. The dissection of No. 14v LNs is accomplished by removing the fatty lymphatic tissue around Henle\'s trunk and the SMV. After severing RGEV and right gastroepiploic artery at the root, the lymphatic and fatty tissue in the infra-pyloric area is dissected and removed *en bloc*. The No. 6 LNs are then dissected. After severing the left gastroepiploic vessels at the root, the No. 4sb LNs and the No. 4d LNs are dissected. The splenic artery is exposed before the dissection of the No. 11p LNs. After the exposure of the common hepatic artery and the celiac trunk, the No. 7 LNs lying around the left gastric vessels in the gastropancreatic fold outside the lesser omentum are dissected, the No. 8 LNs are removed from the anterosuperior and posterior sides of the common hepatic artery and then the No. 9 LNs located at the roots of the left gastric artery, common hepatic artery and splenic artery around the celiac artery are also dissected. The No. 8a LNs located anterosuperior to the common hepatic artery are also dissected and the No. 12a LNs are cleared after the exposure of the right gastric artery and the proper hepatic artery. The right gastric artery is severed at the root. The No. 1 LNs and the No. 3 LNs are dissected after the separation of the gastric lesser curvature. At this point, laparoscopic instruments are withdrawn, and upper abdominal midline incision about 6 cm is used for the procedure of Billroth I or Billroth II anastomosis.

For laparoscopic proximal gastrectomy, the pre-operative preparation and anaesthesia methods are the same as stated above. The greater and the lesser curvature sides of the stomach are fully dissociated, during which the left gastric vessels, left gastroepiploic vessels and gastric short blood vessels are severed. Moreover, the No. 1, 2, 3, 4sa, 4sb, 7, 8a, 9, 10, 11 and 12a LNs are dissected. The oesophagus is mobilised up to about 5 cm. After withdrawing the laparoscopic instruments, an upper abdominal midline incision about 6 cm is used for oesophagogastric anastomosis.

For laparoscopic total gastrectomy, the pre-operative preparation and anaesthesia methods are the same as stated above. The greater and the lesser curvature sides of the stomach are fully dissociated, and the right and left gastroepiploic vessels, gastric short blood vessels as well as the right and left gastric vessels are severed at the root, during which the dissection of the No. 1, 2, 3, 4sa, 4sb, 4d, 5, 6, 7, 8a, 9, 10, 11p, 11d, 12a and 14v LNs is accomplished. The oesophagus is mobilised up to about 5 cm. After withdrawing the laparoscopic instruments, an upper abdominal midline incision about 6 cm is used for the transection of the duodenum and the oesophagus, and then, a Roux-en-Y anastomosis between oesophagus and jejunum is performed. The nasogastric tube is placed in the jejunal afferent loop while the nasointestinal tube is placed in the jejunum distal to the stoma site.

### Laparotomy group {#sec3-2}

The patient, in general anaesthesia, is placed in the supine position with legs separated. An upper abdominal midline incision about 15 cm is used for the whole procedure. For radical distal gastrectomy, the greater and the lesser curvature sides of the stomach are fully dissociated while the corresponding blood vessels are severed, and the No. 1, 3, 4d, 4sb, 5, 6, 7, 8a, 9, 10, 11p, 12a and 14v LNs are dissected. After the transection of the duodenum and stomach, conventional Billroth I or Billroth II anastomosis is performed.

For radical proximal gastrectomy, the greater and the lesser curvature sides of the stomach are fully dissociated, and the corresponding blood vessels are severed, during which the No. 1, 2, 3, 4sa, 4sb, 7, 8a, 9, 10, 11 and 12a LNs are dissected. Moreover, oesophagogastric anastomosis is performed after the transection of the oesophagus and stomach.

For total gastrectomy, the corresponding blood vessels are severed during the dissociation of the greater and the lesser curvature sides of the stomach, and the No. 1, 2, 3, 4sa, 4sb, 4d, 5, 6, 7, 8a, 9, 10, 11p, 11d, 12a and 14v LNs are dissected. After the transection of the duodenum and the oesophagus, a Roux-en-Y anastomosis between oesophagus and jejunum is performed.

Observed indicators {#sec2-4}
-------------------

All the patients started drinking water after anal exhaust. Moreover, the patients were discharged when they could intake liquid diet and all the blood indexes reached in the range of normal level. The following indicators were observed: operation time, intra-operative blood loss, the number of LNs dissected, gastrointestinal function recovery time, drainage tube removal time, post-operative hospital stay, post-operative complications (duodenal stump fistula, anastomotic leakage, post-operative bleeding, obstructive complications, traumatic pancreatitis, acute cholecystitis, incision-related complications, pulmonary-related complications, etc.).\[[@ref8]\]

Statistical analysis {#sec2-5}
--------------------

All analyses were conducted with Statistical Package for the Social Sciences software, version 19.0 (IBM, Armonk, New York, USA). Measurement data were expressed as mean ± standard deviation and analysed using independent samples *t*- test. The Chi-square test was applied to compare qualitative data. A *P* \< 0.05 was considered statistically significant.

RESULTS {#sec1-3}
=======

According to the statistical results, there was no significant difference in sex, age, body mass index, anastomosis and tumour stage among the patients in the two groups (*P* \> 0.05) \[[Table 1](#T1){ref-type="table"}\]. Compared to the laparotomy group, the laparoscopic surgery group had longer duration of surgery (*P* \< 0.05), less intra-operative blood loss (*P* \< 0.05), shorter post-operative exhaust time (*P* \< 0.05), shorter post-operative hospital stay (*P* \< 0.05) and shorter timing of drain removal (*P* \< 0.05). The average number of harvested lymph nodes in the laparoscopic surgery group was 22.9 ± 9.5 per case. And in the laparotomy group the average number was 23.3 ± 9.9 per case. The difference had no statistical significance (*P* \> 0.05) \[[Table 2](#T2){ref-type="table"}\].

###### 

The comparative patient information of laparoscopic radical gastrectomy and open radical gastrectomy

  Groups                       Gender   Age     BMI         Anastomosis   Tumor stage                       
  ---------------------------- -------- ------- ----------- ------------- ------------- ---- ---- ---- ---- -----
  Laparotomy group             113      33      61.1±10.2   25.5±2.5      62            74   10   17   16   113
  Laparoscopic surgery group   92       31      58.9±10.6   25.7±2.4      63            51   9    45   21   57
  *P*                          0.668    0.082   0.327       0.31          *P*\>0.05                         

BMI: Body mass index

###### 

The clinical data of laparoscopic radical gastrectomy and open radical gastrectomy

  ---------------------------------------------------------------------------------------------
  Parameters                           Laparotomy group   Laparoscopic surgery group   *P*
  ------------------------------------ ------------------ ---------------------------- --------
  Duration of surgery (min)            235±47             285±59                       \<0.05

  Intra-operative blood loss (ml)      146±43             94±48                        \<0.05

  Post-operative exhaust time (day)    3.8±0.8            2.4±0.8                      \<0.05

  Post-operative hospital stay (day)   18±8               15±6                         \<0.05

  Timing of drain removal (day)        11.6±2.5           10.2±1.9                     \<0.05

  Number of harvested\                 23.3±9.9           22.9±9.5                     \>0.05
  LNs                                                                                  
  ---------------------------------------------------------------------------------------------

LNs: Lymph nodes

Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"} reveal the trends of changes in intra-operative blood loss and duration of surgery in the laparoscopic surgery group. With the increase of the number of laparoscopic surgical procedures, the amount of intra-operative blood loss gradually decreases, and the duration of surgery is gradually reduced.

![The trends of changes in intra-operative blood loss](JMAS-16-41-g001){#F1}

![The trends of duration of surgery in the laparoscopic surgery group](JMAS-16-41-g002){#F2}

DISCUSSION {#sec1-4}
==========

At present, surgery is still the most effective means of treating gastric cancer.\[[@ref9]\] With the development of minimally invasive technique, laparoscopic radical gastrectomy has been widely used in the treatment of early gastric cancer and achieved a good therapeutic effect.\[[@ref10]\] Japanese gastric cancer treatment guidelines 2014 (ver. 4) has clearly defined that for patients with Stage Ic gastric cancer suitable for distal gastrectomy, laparoscopic surgery can be used as a routine treatment option.\[[@ref11]\] Traditional laparotomy has a high incidence of complications, high mortality and varying degrees of decline in quality of life. Therefore, any treatment that can improve these deficiencies may provide a better treatment option for gastric cancer. Currently, the application of minimally invasive technique in treating gastric cancer mainly includes two aspects: endoscopic resection of tumour and laparoscopic surgery.\[[@ref12]\] Endoscopic mucosal resection has been recommended by the National Comprehensive Cancer Network Guidelines as a standard treatment for some early gastric cancer;\[[@ref13]\] the application of endoscopic submucosal dissection made endoscopic treatment of larger intra-mucosal carcinoma possible.\[[@ref14]\] However, most of the gastric cancer cases in China have already reached an advanced stage when initially diagnose.\[[@ref15]\] Considering the limitations of the patient population, laparoscopic surgery undoubtedly has a more extensive application prospects.\[[@ref16]\] A number of randomised controlled trials have confirmed the reliability and safety of this surgical approach in the treatment of early gastric cancer.\[[@ref17][@ref18]\] Although the treatment of advanced gastric cancer with laparoscopic minimally invasive surgery is still controversial, one needs to overcome huge surgical challenges, especially when the tumour volume is large or the tumour has involved multiple organs.\[[@ref19]\] However, the results of the existing study confirmed that in the treatment of local advanced gastric cancer, laparoscopic-assisted radical gastrectomy has a safe and reliable short-term efficacy, and its post-operative survival rate was not significantly different from that of traditional open surgery.\[[@ref20][@ref21]\] This study shows that laparoscopic radical gastrectomy is superior to open surgery in the aspects of intra-operative blood loss, post-operative exhaust time, post-operative hospital stay and timing of drain removal. As for LN dissection, there is no significant difference between the two surgical methods.

As the development trend of surgery in the future, more and more gastrointestinal surgeons seek to master laparoscopic surgery technique for gastric cancer.\[[@ref22]\] Learning curve refers to the relationship between technical experience and outcome variables in the course of developing new surgery.\[[@ref23][@ref24]\] After a certain amount of surgical practice, the efficacy of the surgery is significantly improved compared to the initial stage of learning and the surgeon masters the operation technique and that is when the learning curve is completed. Like other laparoscopic surgeries, one must experience a rather difficult learning curve process to gradually master the technical essentials of laparoscopic gastrectomy.\[[@ref25][@ref26]\] Unlike laparoscopic colorectal surgery, laparoscopic radical gastrectomy is more complicated technically due to the complexity of the anatomical structure around the stomach, and more surgical experience is needed to accomplish the learning curve.\[[@ref27][@ref28]\] Kim *et al*. and Jin *et al*. reported, respectively, that the learning curve of laparoscopic surgery for gastric cancer is 50 cases and 40 cases, and the learning curve of laparoscopic gastric bypass surgery for morbid obesity is 100 cases.\[[@ref29][@ref30]\]

This study shows that duration of laparoscopic surgery, which is longer than that of open surgery, can be shortened gradually with the richening of surgical experience and the improvement of instruments and equipment. In our study, intra-operative blood loss in laparoscopic surgery group increased initially and then decreased with the increase of the number of cases, which indicates that intra-operative blood loss will decrease with the richening of surgical experience. When it comes to the duration of surgery, it showed a trend of shortening first and then prolonging with the increase of the number of cases, which may be related to the extent of the procedure. We assume that the duration of surgery shortened with the improvement of surgeon\'s skills while repeating the procedure, and later, the surgeon dissected LNs on a larger scale and became more careful to prevent extra damage, which eventually caused the prolongation of the surgery time. This study shows that with the number of laparoscopic radical gastrectomy cases increased, the duration of surgery is shortened and the amount of intra-operative blood loss will decrease, which may due to the improvement of surgeon\'s proficiency as well as the improvement of teamwork. Laparoscopic radical gastrectomy is safe and feasible, which can achieve the same results with laparotomy in the aspect of LN dissection.

CONCLUSION {#sec1-5}
==========

Laparoscopic radical gastrectomy is superior to open surgery in the aspects of intra-operative blood loss, post-operative exhaust time, post-operative hospital stay and timing of drain removal. With the number of laparoscopic radical gastrectomy cases increased, the duration of surgery is shortened and the amount of intra-operative blood loss will decrease.
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